Comprehensive identification of phosphorylation sites on the Numb endocytic adaptor protein.
Numb is an adaptor protein that functions in the endocytosis and intracellular trafficking of membrane receptors and adhesion molecules. Previous studies have indicated that Numb localization and function are regulated through phosphorylation by atypical protein kinase C at several key sites. Here, using LC-MS/MS, we report the identification of 25 serine/threonine Numb phosphorylation sites, and a single tyrosine phosphorylation site. Amino acid sequences flanking several of the sites identified conform to consensus motifs for cyclin-dependent kinase 5 (CDK5). In vitro kinase assays and immunoblotting confirmed that CDK5 phosphorylates Numb. LC-MS/MS analysis identified specific CDK5-directed phosphorylation of Numb at position S288 and at two additional regions. Therefore, Numb is likely to exist in multiple phospho-isoforms, and may be subject to phosphorylation-mediated regulation downstream of CDK5. These findings provide a basis for further investigations into the complex role of Numb phosphorylation in regulating its subcellular localization, protein interactions, and function. All MS data have been deposited in the ProteomeXchange with identifier PXD000997 (http://proteomecentral.proteomexchange.org/dataset/PXD000997).